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Abstract: Exosomes are vesicular structures with a diameter of 30~150 nm, and play critical roles in im—
mune regulation and intercellular communication by carrying various bioactive substances such as lipids,
proteins, mRNAs, and non-coding RNAs. In recent years, accumulating studies have revealed that exosomes
actively participate in the occurrence and development of Mycobacterium tuberculosis infection. Moreover,
exosomal components, as potential biomarkers of M. tuberculosis infection, have the characteristics of strong
specificity and good stability, and play an important role in diagnosis, therapeutic efficacy evaluation, and
prognosis of tuberculosis. Herein, the values of exosomes as diagnostic markers and their potential roles in
tuberculosis are reviewed, aiming to provide a theoretical basis for their application as diagnostic biomarkers.
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ceptor, TLR).NOD F#£5Z{£&[nucleotide oligomeriza—
tion domain (NOD)-like receptor, NLR].C HIEEEE R
ZAR(C—type lectin receptor, CLR)SF3, i M %
oA ALY BRI AT LU A A
JHE A T A O AR A P L A AR T IR S5 22 ALl
AICEHL T BAT TR, [RIES, VAR S 4, B
Wik 2 L ARV S AR AN LA 45 A% 3 R TR AR BT S 52 38
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T HAT 2 2 B S b ML, fE—E R RE b AT LA
ML A SE R ARG L S B, e andm il
SIS I B R P4 P D= B A ) 4
G XS EAZ AT TR B AU A 2 345
TIHb, BERZ I TR I EE 1 5T SN B R
A Bl TSRS TR DA T A< r i i e BEL 117 e
PO X B e R RATL ) S B A% o BT TR
FREEMEIR I B AL RIS PETERE . Z5 kT
T ] DARREE ARG TALA N, BRI S A4 i
PRAEAR, IX TR ZSFR A 8 IR P 45 8005 S (latent
tuberculosis infection, LTBI)o 4HLIAR G T
i, 5%~109%M) LTBI B il RE Stk e sk 45
¥ (active tuberculosis, ATB)', 31X 25 45 4% 5 1) Fi B
HEEhPk T ERIPER.
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2 IR SR . AT, 45
BIRIZ N W T AR 2, A G IR IR ik (A
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22 W AR (multivesicular body, MVB), Az il 23
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o ANBARI B AN AT 3 Rab-GTPase K
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SN — R BAT A I TR R e, 7
SER BT R R P iy T A (5, L 4
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TLR4 #51 PAMP, M J4TE MyD88 i 1415 5
AR, MR IRSE F —a (tumor necrosis
factor—a, TNF—a) JRANTES Fl— %46 A& A il 1) =
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BUREAk, DT 45 % 0 A K T b e S BV R 7
b, L GEAZ ST TR ) A LR R 0% S MR
19-kD JEHE R BRSRME, AT LLER 3410 ) 0 48
Xty TR (interferon—y, TFN—y) Y JZ i 2 MHC—
112843 F 35500, Rtk, SMIMATENUIAST S 55
RO PG (9 3 A b AR AR, — D7 T e AT
DL 3§ S He I U LA PAMP RS 5E K
PESARAFPE S, 3 — 5 T, M AR a] DL i
AL FEIE A T A 4 8 3 B SR

3 4MiMEIEZRED RNA AIMEA S0 B4

3.1 ShibEfs RNA

f RNA (microRNA, miRNA)Z: 18~22 ™%
TR E NIEPEIEZES RNA. B3 miRNA 45
TE& miRNA 5 U E GW Y Argonaute £ [
o B BRFEAD T S5 mRNA Y 373 A R X Ik
TR e EHE DX Sl B ARES, DN B Y R
IR AL AT S AN PR E AY miRNA
ASMIRI 53 R G2, T AESMMA miRNA B
Sy 40 I [0 380 15 1 DG B2 B A3 o I A ST R A,
HMIAMA miRNA JE 5% BT RIS o R i B
BARPEPH R, SIS miR-20b-5p &1k 2 45
R ROFE R TR 1 W 4 L, 99 1) 254 3 AT 7R

JEYY Y A1 AY miR—20b-5p F ik, JFH.
miR —20b—5p i T LA 32 (R i i v, {2tk B
I 200 B PN 225 A% R AT TR AR A ) 5% T B
WS miR—18a 7F W 41 g S HBR IR A0 ik
Pt BRI, DT 20 A W, 2 1F E kg
P S5 A AT R AT, AR, SRS
R miRNA AR AT A 45 4% 20 BOFF DA 7E i 32 4
WK, miR-21-3p FEGS BT IR B
W 20 B P 2 3k E 3, I8 3 A i TNF -« F1 TL-6
HIZRIE, TS5 BT TR TE P A2 TR

HMIMA miRNA 7EZ54% 53 AR T 2% e 20 B 5
MM Rk 22 5 518 B0 BRAS Bm kiR
T B WEE VI ER 1) INBEK miRNA FF
1) 2P (i AT R A5 5 BT R B L 2 Wb
HEYRTTEE. R, SMMA miRNA ZEARWE 9 FR
SEPELT, BTG R 25 S AR, TR o J2 i
A HT S AR AE DI AR Y™, Kaushik 559K 3,
SERIR SR LK TP AMIMA miR-185-5p HYRIAK
5 R R, HAS Wi A o T TR R 1) R AU
FVERE S 50 518 509% F1 93.75% , $2 7= A1 Wb A
miR-185-5p FIVEMZE IS M T fEAR &) o 1
FLAEOIFTY R IR, S5 A% B MK AN I miR-
26a-5p FIEIKERHIL, miR-151a-3p FIiEKFETH
e, ELG B LRI R X 5 200 HLA A s 1 12 Wl
%, Alipoor & B, miR-484 .miR-425 Fl miR-
96 TELEIZ B LI g ek i 38 m, HL5%%
TR BRI BE S 11 e 45 e BOAG: HH 2R Ly S
SIMTECEE T LTBI 5 ATB HE AU MG SNBA miR-
NA KikiE, KOS EFE AR L, LTBT B i
H miR-146b-5p B.F LM miR-381-3p B
4, miR-629-5p 7£ ATB £ L7 H e & L«
HASF B A, #B5 miRNA (miR-140-3p .miR-
423-3p .miR-3184-5p) TEf R A H#f \LTBI 1 ATB
R N B R R AR EE ) L4, 7R miR-
NA TEGHE AT R B AN [RLIR S AR 5
FiA53%, X LTBI F1 ATB 4 5132 Wt K 25 % 9%
HERIIS WL T EEFE

HMIMA miRNA WA Bl T X 4345 4% s 5 HoAth
AHOCHEIR o Lin 55952 FH g 38 S0 7 04 77 36 5% il
A TS AZ R £ B e B A M IR miRNA
AT T 508, S5 R miR-378i TEMMZS 411
FIR W ETHE, 1 miR-205-5p F1 miR—200b £ i
JEA W ETH . Zhang SFHBFT R I, HE5 MM
JEE FBOAH L, miR—200b—3p \miR—-182-5p F1 miR-
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629 —5p TE %P i s B A T hsa—miR -
150-5p Al hsa—miR-3614-5p 1M o Jis B h
T, TER S X AL R I R A R R B
P i FIEE 4 FB 3 AR e A B 8 B DA B I o AT
B I AN B AR Tet—7d AT HEER, & BH let-7d
PESS MM AR £ 8 A A N A T (1 22 TR B
WD, BN INIMA Tet—7d R IR T 1R A 25 8% Pk A
M52 Wi 5 S i — AV e b o

M2, miRNA NMUAEGAZ 3R PG i 2
FRORIRTLAA G 28 8 4 P47yl i A 0, i LA R
Yerp FR Y 22 30K WA AT UG pR iB
HIFF B AL T Rs 2 . SMIMA miRNA 25 A%55% 1)
WL TR LA
32 SMMEINIK RNA

IR RNA (circular RNA, circRNA)RAFTE T
T A A% 20 M P S BR8P TR A g
RNA. circRNA EA T H BB 5% B 57
FELL T miRN A 4R ARS8 1 BT Y I REN, cire—
RNA N2 miRNA 45407 5 B miRNA W48,
5P RNA 4454, RIS miRNA
FERFE IR, circRNA 75 MVB Bl &5 gtk
YL 2 AR R, H ET, TS & IR
SERZ R RS EANR)E, Ak A — &)
FAAE S AR AL, B S A0 AU Y S I AR
cireRNA FPZE R Rk 5 B R 1); H, sk
WA cireRNA FEMRIE T [RIRE A R PR R
AR AR, L, cireRNA [RIEEBEA 12
Wi B 1 T e A= b 50

Zhang 5358 11 SEHF G AE f PCR (real—time
fluorescent quantitative PCR, qRT-PCR)¥z{ T~ 20

245199 BB A SR IR AZ A (peripheral blood
mononuclear cell, PBMC) circRNA Bk, K
circ_0028883 Fik i 3 L, FFHEN cire_0028883
A BB 12 Wi By 1 il 245 A% 14468 12 A= P s 7B -
Huang S8 & B, S EFE0T IR LA e, Z54%0%
B PBMC "' circRNA_001937 .circRNA_009024
Fl circRNA_005086 1 3 ik i 2 J+ &, circR -
NA_102101 .circRNA_104964 Fil circRNA_104296
PR 2308 S 3 AR T il 9 2 1 B S 1 e A
I B A L, 25 4% BB 1Y circRNA_001937 &
K REEIN . AR, circRNA_001937 7E
S5 R IR T WAL Y 2608 W R RE, 7R cireR-
NA_001937 AAXH] LA T 45 4% 5k SOoAH OB % 1
Y2 W, 1 HL 5 25 IR YT 5 TS % U AH
Ko Liu FFHBFERI, 258008 B E G circR-
NA_051239 .circRNA_029965 #1 circRNA_404022
M 2RI I, JUHIE circRNA_051239 TE T
245 B LS R B B A, IS A o B
HMIAA cieRNA PRI RS 50 T T 254542 73 A
FFE o

AR, S50 B P A A &
ERZEERT R cireRNA, HAMAZI H miRNA /)
FIRPAPEINIBA cireRNA 4, IR A T15
BALL L Z RN, SR, HRGAE = SR
circRNA TEG AN 2T LA K -5 AR
YIS TS . AMIMA cireRNA S HAH R
MZNE mRNA JPHIETERS /3 B, 23 circRNA
TE AR RS U (1) 38 TOTE R DA 0, PRI, 41
WMA cireRNA 1E R 45% 03 BSFFTRT I 1) —F P IC A
PEIS W F-BeAT 75 2 va IR A 22 i PRI 5 TR

® 1 SERSEATEBRREHMARIRRSMNEE miRNA K circRNA 4L
Table 1 Changes of miRNAs and circRNAs in exosomes released from cells of M. tuberculosis infected subjects
Number miRNA or circRNA Sample Screening method Expression pattern Reference
1 miR-185-5p Blood plasma ncRNA sequencing Increase [39]
2 miR-26a-5p Blood plasma qRT-PCR Decrease [40]
3 miR-151a-3p Blood plasma qRT-PCR Increase [40]
4 miR-484, miR-425, miR-96 Serum qRT-PCR Increase [41]
5 miR—-629-5p, miR—-140-3p, Serum qRT-PCR Increase [42]
miR-423-3p, miR-3184-5p
6 miR-378i Pleural effusions High—throughput sequencing Increase [43]
7 let-7d Cerebrospinal fluid qRT-PCR Decrease [45]
8 circ_0028883 PBMCs qRT-PCR Increase [52]
9 circRNA_001937, circRNA_009024, PBMCs qRT-PCR Increase [53]
circRNA_005086
10 circRNA_102101, circRNA_104964, PBMCs qRT-PCR Decrease [53]
circRNA_104296
11 circRNA_051239, circRNA_029965, Serum qRT-PCR Increase [54]

circRNA_404022
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il PR 35 ) AR, SR R R LR A
S5 S eI W T ELAT 55 R N FH T 5
WS T AR I e

Kruh—Garcia 55 57E 25420 H & 178 Zh bR
HORILT 33 PR 3 A AT D B R DG ) 2 15,
£ 45 Ag85B (antigen 85B).Ag85C (antigen 85C).
Apa & .BfrB & 1 .KatG % 1 .MPT64 & 1% .
Ag85B AT B Z Ui S Th1 U4 i Fe 38 FIA T S0y,
N RES 5 A5 BT B R | B A
WF5T &I, FHEF A R 25 BT R H3 TRy B4/ B
40 d J, TR I BN BRAG 40t G2 1y 2
EHEGR, PEIR AR AT R G 5| K 1 20  f iE
N RS 5 IR . GleB J& 454 % Rk I
MG 2R 22—, DhBh s ST i 5 1 24 M2
TREE A o B MR A2 G545 BT T B 5 43I
MR GleB B, RHIMBARFESEAZ 57
T DR B G 1 G i o B v R A B A R AR
TEZS B I & (theumatoid arthritis, RAYELT-
BI 85, FIFHZ529% B E X GleB A Thl 7 5%
PEGIZE SO, 8 B FAI AT 2 W RA B i
LTBI®, MPT64 & FIfE—FP /il FTE ATB A&
IS P KA =50, T 2 AR I, 45
9 B INLTE P MPT64 B AR 21 TG AT IgA
PT343 v TR A, HLEZH MPT64 251
ARG G 212 WL RE, 2P MPT64 & (1]
VE R B A% L35 2 A e W ek b i 2 — . &
TR BT IRATAKE L BR, SNA i — S5
BT LIME R Z5 A2 AT RS s Wikr i
42 MERANRTEER

PR 58 8 1 (heat shock protein, HSP)/2 (i J&
TRSFIER A BB X%, A T ik 1E
A FRARE R AN Y F kK I, {H 2441
{27 B e 2 A b A A DR 2R, AR R A
FTE . MR (TR 4 B A KD, FUAK
e K (9% 40 A HSP110.HSP90 .HSP70 . HSP60 Al
AN TR R o

HSP16.3 J& T/NrF ki, AR

1) H EYT S AR, E5 R IR Y HSPX
BE D AT, 2 5 A o0 R AT D B D e R A 4T
JRI, PESEAZ AT B T AR, HSP16.3 XF
SERG AR TR ) A R NG & PR EE AR, HemT
RES> THUE W AH M5 3 B W, 500 1E 0 24
FITRE, NI IR B 40 b 25 4% o BOFT B 14 2R
F715), Zhang 5% B, HSP16.3 5 W40 A AH
HAEHE T a1k H 752K CCR12 F1 CX3CRI
H IR, B S2 AR AT 5 A A 3
PEGUIREE, PTTAE HE S5 2% 53 AT DR 76 20 1 P9 19 2
KK . HSP16.3 TEIZWr Z54% v 5 T A —
FIIG IR B, Zhang S5F19738 1 FIHE G 72 IR o X
(enzyme linked immunosorbent assay, ELISAYKIN T
SRR ) 70 WA 1 ESAT6 .CFP10.Ag85B
HSP16.3 Flfl & 1 Ag85B—HSP16.3, I 1AL T
XU AN R4 G 78 ATB B3 1 LTBT 8%
RS ER . 2R SN A & 3 5 1 HSP16.3
KRR, $ERIM bR HSP16.3 AIAE 45 1%
O REFF R B (P LR B

Huang 25385 T LTBI #2355 ATB S&1IML
WHNIMA, KB ATB B K SMNBAT ) HSP16.3
EASHMZ, XKW HSP16.3 & H 1l GE/& X 5
ATB Fl LTBI BV TEAE DAY . Shekhawat 5
iF 5% K B, 25 4% f8 35 I Hh HSP25 \HSP60
HSP70 1 HSPOO FI7KF- S 2 i, IR TE 4 1%
SRR S WAR ) o Diaz SE7OM FH A3 H
T L ITAL T 5% T IR IR B THP-1
A A L g L A IAA %) 2 1 B2 K, & B HSP9O
P2 S5 SR DR R 1 L G 20 & o s v il 225
FhiE o ZRMESFOIF Y F I, S5 A% S BT TR B Il
I HSPOO W5 HSP9O« 235 114, H HSP90w
TE ATB BE RN R K& T LTBL B4, [H
A 32 A B A ERHIE (receiver operator characteristic,
ROC)HHZ 53T B, HSPOO S EASHI 77 X 5 ATB
FLTBI i HA B i R AR k. DL B
WFFEHER, 1 RS S RO B 1 FA R e B 11 T
RS 545 R i it i, SN R SIR 7
VE R S5 IS Wibr S eI R L HA N
FHHME
43 SMMEEMEAR

MR E SRR R A, e 58
JERE S AR R T, ARRE R O
JoT AR TSR A A CRST DX 40 L J5 A
A, AR B BB S AR 1 A
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Table 2 Changes of exosomal proteins from cells of M. tuberculosis infected subjects

Number Protein Sample Screening method Expression pattern ~ Reference
1 HSP16.3 Blood plasma  ELISA Increase [67]
2 HSP25, HSP60, HSP70, HSP90  Serum ELISA Increase [69]
3 HSP90 Macrophages ~ Tandem mass spectrometry Increase [70]
4 HSP90« Blood plasma  Quantitative test kit Increase [71]
5 MHC-1, CD36 Serum ELISA Decrease [72]
6 LBP Serum ELISA Increase [72]
7 GlnAl Serum Multiple reaction monitoring Increase [73]
mass spectrometry (MRM-MS)
8 C4BPA, S100A9 Plasma Label-free MRM-MS Decrease [74]

PRI SN RS KA RE (32 2), PRI, A
SR AL A IS RS % R T B 1 A )
PRI 1 .

Zhang ZF7E 1 ELISA SEE £ W, 1EH AR
ATB S 3G A SMIMA S F 5 MHC- 1 .CD36
FfgZHE45 A 5 H (lipopolysaccharide binding pro—
tein, LBP)/WFIXFAEZE S - 76 ATB &, MHC-

[ 1 CD36 FRIBIKF-FEAK, T LBP BY# Ik i
FhE, X 3 AR PR R 1R S R U,
$£/R MHC- [ .CD36 1 LBP "] €& 12 W1 ATB By
TRIEAE YRR G . Mehaffy 257X} LTBI 835 117
EV TS BB RIEAT T 4528, 7€ LTBI &
H LG BT A Z e A B (GIn A 1) B LK,
o TS 52T GlnA1 PTREZAI LTBI (1
S AR S A E AR S s . IR ER R
M, 7€ LTBI B H AT R MK AN, C4BPA
F1 S100A9 BRI B NREM, DL BRI, Fh
WMAEE (1 U A b S e LTBI 2 Wi h A
FEMIRIRNE, XA BT ATB 1 LTBI B9 %22,
LB R FERREE R TTA, o ANUAMAER I BT e 45 4%
S BOFF IR B R b S AR T R AN A )
fiE, DR A 2 R Al B2 Wi s A2 i — ok L A=
YibrE .

5 ZiEERE

Li BT, SNIAAESS G IS I TR HIWT
07 T BRI R R 5o B ARSMIBA
FRERE BT AT 1 e g, (H HC R 8 EOAE Y
e RIS AT AT R =S 0] AT, 25 A% 70 BT iel
SR B SN BT ST 2 S5 BRAE SN A ) LA
bR SIS TSR BIL W, SN bR
YIH FERIRS W I R A R T Bk =, A
H R RS NBMAIN 325 PR A S (8 AL AT

REFSE . ARG ARILIRAE T, 15 E400

TIRARITE . AN, th TAMBR RIS i i 7 1%
FRIRIR A, Ao 20 B AN AAR B ZREBUTS SR S e R R
LRI B AR, A PR 26 [T R fY
)7 SR OINE - S B N e g RS T AR 5 8
IR, AT, SNIBARAE S S50 A 2 W
AR YA T R AT
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